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@ A method for correcting an instrumental error 
due to wavelength error of a spectroscope of an 
optical analyzer for measuring an optical den- 
sity reflected from or transmitted through a dry 
analysis element One standard color plate hav- 
ing a standard optical density OD ST is measured 
by an optical analyzer to be corrected to obtain 
an measured value OD M . A measured optical 
density OD s of the element applied with a 
sample through the optical analyzer to be cor- 
rected is corrected by using a ratio of ODm/OD S t 
to obtain a corrected measured value OD c of 
the sample. The standard color plate to be used 
contains an indicator dye contained in the 
non-reacted dry analysis element or a dye hav- 
ing an absorption spectrum same as or similar 
to that of the indicator dye in the measurement 
wavelength range. Another correction method 
in consideration of a layer coefficient of a dry 
analysis element is also provided. 
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BACKGROUND OF THE INVENTION 
Field of the Invention 

5 The present invention relates to a method for correcting an instrumental error, mainly due to a wavelength 

error of a spectroscope or spectrometer which is provided with or built in an optical analyzer for measuring a 
content, a concentration or an activity of an analyte by measuring an optical transmitting or reflection density 
of a dry analysis element. 

w Description of the Related Art 

The dry analysis element is an analysis element which comprises one or plural functional layers and an 
analytical reagent composition is contained in at least one (or plural) of these functional layers so as to a col- 
oring dye by the reaction taking place in the layer. The thus formed dye is colorimetrically analyzed by meas- 

15 uring the transmitting or reflection light from the outside of the analysis element. Since such a dry analysis 
element is stored and preserved in the dry state prior to the analysis operation, there is no need preparing the 
reagent at the measuring step. Furthermore, since the reagent has a higher stability in the dry condition, the 
process using such a dry analysis element is improved in simplicity and quickness of operation over the con- 
ventional wet process in which the reagent solution should be prepared as required. The dry process or method 

20 using the dry analysis elements has become rapidly a popular analytical method which can easily realize an 
automated analyzing system in the field of clinical examinations where a number of test samples are to be han- 
dled as routine works. 

For a quantitative analysis, a liquid solution containing the analyte is spotted or applied onto the dry ana- 
lysis element and an optical density of a transmitting light through or a reflected light from the analysis element 

25 after the completion of the coloring reaction is measured by optical density measuring instruments such as a 
colorimeter and a spectrophotometer. In such a method, generally, it is common practice to determine the con- 
tent of analyte by using a standard curve (commonly referred to as "calibration curve") which has been pre- 
liminary drawn by plotting the interrelation between the known contents of analyte in the standard samples 
and the optical transmitting or reflection densities of the standard samples. 

30 However, there is a problem such that an instrumental error is caused due to variation or deviation of the 

optical density measuring apparatus as used. That is, even when analysis elements of the same manufacturing 
lot are used, measured values obtained by different optical analyzer may be fluctuated. The optical density 
measuring apparatus spectroscopically divides the irradiating light or the measuring light through spectro- 
scopes such as a diffraction grating or an interference filter into a monochromatic light of specified wavelength, 

35 and is used to measure the optical density of light at the specified wavelength. The accuracy of measurement 
depends on the performance (accuracy of the spectral centroid of the measured central wavelength, spectral 
band width and peak width at half height of the spectrum) of the spectroscope. Particularly, the interference 
filter type spectrophotometer has no adjustability of the spectral centroid and spectral band width of measured 
light, therefore, the performance of this spectroscope is a cause of the instrumental error. When the absorption 

40 wavelength spectrum of a subject to be measured, i.e., the formed dye produced in the analysis element, is 
relatively moderate pattern and the optical density at the wavelength peak (or trough) of this spectrum is to 
be measured, a slight error of the measured wavelength and the half-amplitude level hardly affects the meas- 
urement value (optical density) obtained and the instrumental instrumental error cannot be a serious problem. 
However, if a slope portion of the absorption wavelength spectrum of the subject to be measured is the wa- 

45 velength to be spectrophotometrically measured, a measurement value (optical density value) to be obtained 
fluctuates even with a slight deviation of the measured central wavelength and the half-amplitude level, and 
therefore the error or difference between measuring instruments cannot be ignored. 

Therefore, in most cases, the standard or calibration curve is prepared for each measurement and each 
measuring apparatus to ensure the accuracy of quantitative analyses. However, a number of standard samples 

so must be prepared and examined to draw a standard curve, it is troublesome to prepare these standard samples 
for each assay, and the quickness of analyses is impaired. 

To avoid the complexity of such drawing of the standard curve for each analysis, a few method has been 
proposed wherein a sample having known content or concentration is measured by the measuring apparatus 
to detect an error or difference of the measurement so that the instrumental error of the measuring apparatus 

55 is corrected or compensated. For example, the instrumental error correcting method for the optical density 
measuring apparatus which uses a correction or compebsation plate (the standard colored plate) has been 
proposed in the Unexamined Japanese Patent Publication No. 60447/1992. In the method disclosed in the Un- 
examined Japanese Patent Publication No. 60447/1992, a dry analysis element contains either of the same 

2 
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dye as the final product (formed dye) of the measuring system or a colored matter having an absorption spec- 
trum similar to that of the formed dye in the measuring wavelength range, and such dry analysis element is 
used as a comensation plate or colored standard plate. In details, an optical density (OD 0 ) is obtained by meas- 
uring a sample through an interference filter, which is the reference filter, and on the other hand, an optical 
5 density value (OD x ) is obtained by measuring the same sample through a specific interference filter, which is 
a target of compensation and then the interrelation between these optical density values is represented as a 
primary function shown by the following formula (1) and correction coefficients k and j of this correction formula 
(1) are evaluated. 

OD 0 = k x OD x + j (1) 

10 To obtain these correction coefficients k and j, a plurality of correction plates (standard colored plates) 

having different optical density values (typically, optical density of a reflected light) are prepared to be meas- 
ured through both the reference interference filter and a specific interference filter to be compensated, and a 
primary regression analysis is conducted from the OD values obtained from these filters. Since the correction 
plates to be used in this method contain the dye or coloring matter having the absorption spectrum as same 

15 as or similar to that of the final product (formed dye) in the analysis elements, the method using such a cor- 
rection plate is more excellent in accuracy of the correction of the measurement values in comparison with the 
conventional method using monochrome filters as the correction plates. 

However, since the correction method disclosed in the Unexamined Japanese Patent Publication No. 
60447/1992 uses two variables as correction coefficients, at least two correction plates (standard colored 

20 plates) having different optical densities are required to be measured. Further, more correction plates would 
be required because these correction coefficients are actually evaluated by the primary regression equation. 
To prepare these correction plates, the final product (formed dye) of the measuring assay system or the dye 
having a similar absorption spectrum should be contained in advance in the dry analysis element, and therefore 
such analysis element for use as the correction plates should be prepared, in addition to the dry analysis ele- 

25 ment for analysis of the analyte. If the final product (formed dye) of the measuring assay system is unstable 
and is not durable, a colored matter, which has a similar absorption spectrum of the final product (formed dye) 
within the measuring wavelength range or region, should be separately provided to prepare a suitable correc- 
tion plate. 

Furthermore, it has become to be clarified that the effect of correction is low, when a blank value of the 
30 reagent is high, that is, the analysis element which has not reacted before application of the sample solution 
has high optical density as a background or reagent blank, or when the optical density after the completion of 
the coloring reaction is low. 

SUMMARY OF THE INVENTION 

35 

An object of the invention made in view of the above problems is to provide an improved method for cor- 
recting an instrumental error of an optical density measuring apparatus which permits to correct a measured 
value measured by a measuring apparatus or optical analyzer to be corrected with one correction plate. 

A more specific object of the invention is to provide an improved method for correcting an instrumental 
40 error with a larger effect even in a case that a reagent blank, i.e., an unused fresh dry analysis element has 
high optical density while a background or a change of coloring density is small. 

The aforesaid object of the present invention is achieved by the provision of a method for correcting an 
instrumental error of a spectroscope provided with an optical analyzer to be used to measure a content, a con- 
centration or an activity of an analyte in a sample solution by measuring an optical density of a dry analysis 
45 element to which the sample solution is applied, comprising the steps of: 

providing one standard color plate containing a dye same as an indicator dye contained in the dry ana- 
lysis element to which the sample solution is not applied and in which the coloring reaction of the indicator dye 
has not yet taken place, or other dye having an absorption spectrum similar to that of said indicator dye at 
least in a measurement wavelength range; said standard color plate having a specific optical density as a stan- 
50 dard optical density (OD S t) which is obtained by measuring the standard color plate by using a standard optical 
analyzer; 

measuring said standard color plate by using an optical analyzer to be corrected, thereby obtaining an 
optical density (OD M ); 

measuring the dry analysis element to which the sample solution is applied and in which the coloring 
55 reaction has taken place by using said optical analyzer to be corrected, thereby obtaining an optical density 
(OD s ) of the sample; and 

correcting the optical density (OD s ) of the sample by using a correction formula of 

OD c = (OD ST /OD M) x OD s 

3 
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to obtain a corrected optical density (OD c ) of the sample. 

In the present invention, only one standard color plate is used and the correction coeff icient(s) can be ob- 
tained from the optical density (OD ST ) of the standard color plate measured by the standard or reference ana- 
lyzer and the optical density (OD M ) of the standard color plate measured by an incorrected analyzer which 

5 should be corrected. Since the optical density (specific optical density) of the standard color plate measured 
by the standard analyzer can be generally given as a known optical density, a correction coefficient F = 
OD S t/OD m can be obtained only by measuring one standard color plate through the incorrected analyzer one 
time so that the optical density of the analysis element spotted or applied with the sample can be corrected 
by using thus obtained correction coeff icient(s). 

10 For this purpose, the standard color plate may contain a dye same as the indicator dye composition con- 

tained in the non-reacted or unused dry analysis element. As this standard color plate, a fresh dry analysis 
element to which the sample solution is not yet applied by spotting can be directly used. Or a dye in the standard 
color plate may be the dye having an absorption spectrum same as or similar to the absorption spectrum of 
the indicator dye contained in the non-reacted dry analysis element at least in the measurement wavelength 

15 range so that the standard color plate has a specific optical density at the measured wavelength. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a diagram illustrating the principle of the present invention; 
20 Fig. 2 is a diagram illustrating the principle of the present invention in a case that the layer coefficient L 

is taken into account; and 

Fig. 3 is an illustration of the wavelength characteristics of the standard color plate according to the present 
invention in a case that the layer coefficient L is taken into account. 

25 DETAILED DESCRIPTION OF THE INVENTION 

In order to correct the measured optical density value having an instrumental error due to the wavelength 
error or deviation of the incorrected analyzer i.e., the analyzer to be corrected, essentially, it is preferable to 
measure the optical density of the dry analysis element to which the sample is indeed spotted by a standard 

30 optical analyzer and an concerned optical analyzer to be corrected and to conduct correction of the measured 
values measured by the incorrected analyzer in consideration of the difference of these values. To avoid the 
troublesomeness of such correction procedure at each measurement, the method disclosed in the Unexamined 
Japanese Patent Publication No. 60447/1992 uses a dry analysis element as a correction plate (standard color 
plate), in which the dry analysis element does not contain the non-reacted indicator dye but contains a dye as 

35 same as the final product (formed dye) of the measuring system, or the dry analysis element contains the col- 
ored matter which has a similar absorption spectrum to the formed dye in the same absorption wavelength 
range as the measurement wavelength range. However, the present inventor has found that actually such final 
product (formed dye) of the measuring system is not always required to be added into the standard color plate, 
and the non-reacted indicator dye can also be used as the coloring matter in the standard color plate for cor- 

40 rection. This assumes that it depends on the particular characteristics of the dry analysis element, as described 
below. 

In general, the indicator dye is excessively contained in the dry analysis element as compared with the 
quantity of the analyte to be actually analyzed, so that it is as much as enough to react with the analyte in the 
determination range. An excessive quantity of the reagent dye is required, taking the reaction efficiency into 

45 account. Therefore, it is usual to include the indicator dye in a quantity as much as several times the required 
stoichiometric quantity in the dry analysis element. Accordingly, the dry analysis element, after the sample 
solution has been applied thereto and the coloring reaction of the indicator dye has completed, as still contains 
a large quantity of non-reacted indicator dye as well as the formed dye. As result, the absorption spectrum 
presented by the dry analysis element after the sample has been applied thereto is a sum of the absorption 

50 spectrum of the formed dye and the absorption spectrum of the remaining non-reacted indicator dye. If a mo- 
lecular extinction coefficient of the non-reacted indicator dye at the measurement wavelength is sufficiently 
lower than the molecular extinction coefficient of the formed dye, such non-reacted indicator dye less affects 
the measured values. This corresponds to the case that the optical density at the measurement wavelength 
of the reagent blank (fresh dry analysis element to which the sample solution has not yet been spotted) is suf- 

55 f iciently low. 

However, if the optical density of the reagent blank is high and the color density after reaction is low (i.e., 
the S/N ratio is low and the dynamic ratio is low), the absorption spectrum of the non-reacted reagent dye can- 
not be ignored. In such case, the absorption spectrum of the non-reacted indicator dye substantially contri- 
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butes- to the entire absorption spectrum presented by the dry analysis element after the sample has been spot- 
ted thereto, and therefore the absorption spectrum of the dry analysis element after the application of the sam- 
ple in the measurement wavelength range is similar or closer to the absorption spectrum of the non-reacted 
indicator dye. In such condition, the inventor has found that even the fresh dry analysis element which contains 

5 the non-reacted indicator dye but does not contain the formed dye can be used as the standard color plate for 
conducting the correction in this case. Moreover, in this case, the optical density of the reagent blank is high 
and a correction line for correcting or correcting the measured value can be approximated to actually pass 
through the origin of the coordination system so that plural standard color plates having different optical den- 
sities need not be prepared and be measured for the correction. 

10 Fig. 1 shows an optical density spectrum of a reflected light obtained when calcium chloride solutions hav- 

ing various concentrations shown with numerical values in Fig. 1 are spotted to the dry analysis element for 
analyses of calcium chloride used in the working example described hereinafter. The spectrum of the reflected 
light from the analysis element changes as shown in Fig. 1 as the concentration of the CaCI 2 solution increases 
from 0 (represented as M H 2 O w in Fig. 1). The measurement wavelength 625 nm for analysis is selected from 

15 this variation of the spectrum as a wavelength where the optical density largely changes and the change of 
the optical density has a linearity. However, this measurement wavelength is not the peak of the spectrum. 
Consequently, even if the wavelength range to be actually measured is slightly deviated due to the perfor- 
mance of the spectroscope of the measuring apparatus, the optica! density value is substantially affected. 
Meantime, the spectrum of the reflected light of the fresh dry analysis element, that is, the reagent blank to 

20 which the sample solution has not yet been applied, is as shown with the broken line in the diagram of Fig. 1. 
The gradient or slope of the spectrum curve at measurement wavelength of 625 nm is almost same as that 
when calcium chloride solutions of different concentrations are applied to the analysis element. Under the 
above condition, analytical measured values obtained by the measuring apparatus to be corrected can be cor- 
rected by the formula (2) given below. 

25 F = OD ST /OD M 

OD c = F x OD s = (OD st /ODm) * OD s (2) 
OD ST : Optical density of the reagent blank analysis element measured by the standard analyzer; 
OD M : Optical density of the reagent blank analysis element measured by the analyzer to be corrected; 
F: Correction coefficient 

30 OD s : Optical density of the dry analysis element to which the sample is spotted, measured by the analyzer 
to be corrected 
OD c : Corrected optical density 

A correction method according to the present invention can be practiced in the range of measurement wa- 
velength of 200 nm to 800 nm. The optical density (OD) can be corrected in the range of 0.1 to 2.2, preferably 

35 in the range of 0.15 to 2.0. The range of correctable wavelength range is ± 40 nm, preferably ± 20 nm of the 
measurement center wavelength of the standard analyzer or measuring apparatus. Since the correctable range 
depends on the spectrum of the measuring indicator dye, this should be taken into account. 

The present correction method exhibits its effects in the measurement system in which the coloring density 
less changes despite that the value of the reagent blank is high. In details, when the optical density (OD B ) of 

40 the standard color plate (reagent blank) measured with the measurement wavelength of the spectroscope of 
the analyzer to be corrected has an interrelation with the optical density (ODr) of the dry analysis element to 
which the sample solution containing the analyte within the normal determination range is spotted to take place 
the coloring reaction, as given below, 

(OD R - OD B ) / OD B ^ 0.7 
45 the present correction method exhibits excellent correction effects. 

Even in the case of the relationship between OD R and OD B as given below, 

0.7 < (OD R - OD B ) / OD B ^ 1.0 
the correction effect is observed and the present correction method can applied but, if the value of (OD R - 
OD B ) / OD B exceeds 1.0, this correction method is unsuitable. 
so if a standard color plate containing a dye similar to the indicator dye contained in the reagent blank, instead 

of the reagent blank, is used as the standard color plate, such standard color plate may be composed of layer 
structures same as the usual dry analysis element, except that the layer, which should contain the indicator 
dye for the usual dry analysis element, may contain a dye or coloring matter having an absorption spectrum 
same as or similar to that of the indicator dye within the measurement wavelength range, in lieu of the indicator 
55 dye. 

In such case, the measurement wavelength range refers to a range of wavelength of the central wavelength 
(Xq) ± 5 nm of the spectroscope of the standard analyzer. The words "the absorption spectrum is similar to" 
means that there is a relationship between a mean gradient or slope (C T ) of a reflection spectrum of the indi- 



NSDOCID: <EP 0653622A1 J > 



EP 0 653 622 A1 



cator dye contained in the non-reacted dry analysis element and a mean gradient (S T ) of a reflection spectrum 
of a dye (or an indicator dye) contained in the standard color plate is in a relationship as given below: 

0.5 x S T ^ C T ^ 2.0 x S T when C T ^ 0 and S T ^ 0 

or 

5 0.5 x S T ^ C T ^ 2.0 x S T when C T < 0 and S T < 0 

Preferably, the relation ship is given below: 

0.7 x S T ^ C T ^ 1.5 x S T when C T ^ 0 and S T ^ 0 

or 

0.7 x S T ^ C T ^ 1 .5 x S T when C T < 0 and S T < 0) 

10 The dye (or the indicator dye) contained in the standard color plate and having above-described relationship 
is referred to as a dye (or an indicator dye) which has a similar absorption spectrum. The mean gradient of 
the reflection spectrum means an arithmetic mean value of gradient values (11 values) of the reflection spec- 
trum obtained at every nm of wavelength in the measurement wavelength range. 

Since the correction coefficient to be obtained in this instrumental error correction method is only one coef- 

15 f icient or factor F, the correction coefficient F can be normally obtained by measuring the reagent blank at only 
one point. However, if the reagent blanks (that is, fresh dry analysis elements) of plural lots having different 
optical densities can be prepared, the correction coefficient F may be obtained in the primary regression cor- 
relation from the optical densities (ODs) of a plurality of reagent blanks. 

In a case that the dry analysis element of the reagent blank is stable and the optical density OD S t of the 

20 reagent blank measured by the standard analyzer is not fluctuated, such optical density may be stored in the 
measuring apparatus or analyzer to be corrected as a predetermined value, and thereby the correction coef- 
ficient F can be more quickly calculated to correct the measured value of the sample at the time of analysis. 
In the case that the reagent in the dry analysis element is unstable and its optical density varies during storage, 
this correction method is originally unpreferable for the measuring system. Even in such case, however, the 

25 correction coefficient F can be obtained by simultaneously measuring the reagent blank in the standard ana- 
lyzer and the measuring analyzer to be corrected. Generally, however, the original object of the dry analysis 
element is to manufacture stable reagent blanks (i.e., the dry analysis element before use) so that a time- 
elapsed change of the dry analysis element due to storage and custody is minimized and therefore the reagent 
blanks are stable in many measurements of the dry analysis element. 

30 It is preferable to obtain the correction coefficient F in each measurement, however, such practice will be 

haevy loads for operators. If the optical system of the measuring apparatus to be corrected less fluctuates, 
once the correction coefficient F is obtained for such measuring apparatus, thus obtained coefficient F may 
be stored in the same measuring apparatus so as to omit evaluation processes of coefficient F at next or future 
every measurement for this measuring apparatus. 

35 The object of the present invention is also attained by a method for correcting an instrumental error of a 

spectroscope provided with an optical analyzer to be used to measure a content, a concentration or an activity 
of an analyte in a sample solution by measuring an optical density of a dry analysis element to which the sample 
solution is applied, comprising the steps of: 

providing one standard color plate which contains one of following dyes, 

40 a) a dye same as an indicator dye contained in the dry analysis element to be used for analysis of the ana- 

lyte; • 

b) a dye having an absorption spectrum substantially same as or similar to an absorption spectrum of the 
indicator dye in a measurement wavelength range; and 

c) a dye having an absorption spectrum substantially same as or similar to an absorption spectrum of a 
45 formed dye in the measurement wavelength, the formed dye being formed by coloring reaction of the in- 
dicator dye in the presence of the analyte; 

said standard color plate having a specific optical density as a standard optical density (OD ST ) which 
is obtained by measuring the standard color plate by using a standard optical analyzer; 

measuring said standard color plate by using an optical analyzer to be corrected, thereby obtaining an 
so optical density (OD M ); 

measuring the dry analysis element to which the sample solution is applied and in which the coloring 
reaction has taken place by using said optical analyzer to be corrected, thereby obtaining an optical density 
(OD s ) of the sample; 

determining an instrumental error correction coefficient gradient (<D) of wavelength and an instrumental 
55 error correction coefficient intercept (A) by using these measured values (OD ST and OD M ) and a layer coeffi- 
cient (L: constant value), which is predetermined from a layer structure of the dry analysis element, as given 
below; 

O = (OD ST - L) / (OD M - L) 
6 
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A = [(OD M - OD ST ) / (OD M - L)] x L 

and 

correcting the optical density (OD s ) of the sample by using a correction formula of 
OD c = * x OD s + A 

= [(ODst - L) / (OD M - L)] x ODs 

+ [(OD M - ODst) / ( OD M - L ) ] x L 



to obtain a corrected optical density ODc of the sample. 

In measurement of the reflection optical density of the dry analysis element, the optical density of the re- 
flected light may vary depending on the layer structure of the dry analysis element. For example, if a layer 
15 containing barium sulfate or titanium dioxide is provided in the layer structure to make it function as a light 
reflection layer or a light shielding layer, the reflection optical density of the analysis element lowers. The optical 
density can be corrected by using the values OD st '(=OD S t - L), OD M '(=OD M - L) and OD s *(=OD s - L) obtained 
by subtracting a specific coefficient (layer coefficient L), which is determined according to such layer structure, 
from respective apparent optical density values OD S t* OD m and OD s . In this case, the correction formula (3) 
20 will be described as given below. 

F = OD ST ' / OD M ' = (OD ST - L) / (OD M - L) 

OD c ' = OD c - L 
OD c ' = F x ODs = (OD ST ' / OD m ') * OD s ' 
OD c - L = F x (OD s - L) (3) 
25 OD S T : Optical density of the reagent blank analysis element measured by the standard analyzer. 

OD M : Optical density of the reagent blank analysis element measured by the analyzer to be corrected. 
F : Correction coefficient 

OD s • Optical density obtained from the analyzer to be corrected with respect to the dry analysis element 
to which the sample was spotted and in which the coloring reaction completed. 
30 OD c : Corrected optical density 

L : Layer coefficient (constant value) 

From the formula (3), the corrected value OD c can be shown as the formula (4) given below: 



ODc = F x (ODs - L) + L 

= [(ODst - L) / (OD M - L)] x (ODs - L) + L 

= [(ODst' - L) / ( ODm - L ) ] x ODs 

+ [(OD M - ODst) / ( ODm - L)] x L (4) 



For directly calculating the corrected optical density measured value (OD c ) of the sample from the optical 
45 density measured value (OD s ) in the analyzer, it is convenient to calculate the corrected optical density OD c 
by using the coordinates of OD s and OD c as shown by the formula (4). Accordingly, the formula (5) is defined 
as given below; 

O = (ODst - L)/(ODm - L) 
A = [(OD M - OD ST ) / (OD M - L)] x L (5) 
so o represents a gradient of a correction function shown in Fig. 2 (gradient of the wavelength instrumental error 
correction coefficient) and A represents an intercept of the same correction function (intercept of the wave- 
length instrumental error correction coefficient). In other words, as shown in Fig. 2 ? the correction function 
determined by the formula (4) can be primarily obtained by plotting the points which are determined according 
to the optical density OD ST of the standard color plate in the standard analyzer and the optical density OD M in 
55 the incorrected analyzer (analyzer to be corrected). 

When the layer coefficient L is far lower than the optical densities (OD ST and OD M ) of the reagent blank, 
for example, as shown below, 

L / OD ST ^ 0.1 or L / OD M ^ 0.1 
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the gradient <X> of the correction function can be as given below with L = 0 as an approximate value: 

* = (OD ST - L) / (OD M - L) = OD ST / OD M 
Since a difference (instrumental error) is generally not so larger than the absolute value of optical density 
(OD ST , OD M ) of the reagent blank, the optical density can be approximated as OD M = OD ST in most cases, 

5 where the value A can be approximated to a value given below. 

A = [(OD M - OD ST ) / (OD M - L)]xL^0 
In this case, the correction formula is as same as shown with the formula (2). 

The layer coefficient L is depending on component materials of the dry analysis element and can be as- 
sumed as a constant value peculiar to the layer structure which is empirically known. This value L can be ob- 

10 tained by measuring an optical density of the dry analysis element, which is made without containing only the 
indicator dye, as dry state. In view of this layer coefficient L, the wavelength characteristics to be obtained 
from the standard color plate used in the present invention are now explained, referring to Fig. 3. 

An optical density is assumed as P, when the dry analysis element M to which a sample containing an 
analyte within the quantitative determination range is spotted is measured by the standard analyzer with the 

15 measurement center wavelength X. This measured value (OD M ) of the optical density P shows the same value 
P as a corrected value (OD c ) which must be shown by the standard analyzer. In the case that the absorption 
spectrum of the dry analysis element M to which the sample is spotted has a slope or region in the wavelength 
measuring region, when the measurement center wavelength of the analyzer to be corrected is deviated only 
as much as dX as compared with the standard analyzer, the measured value of the optical density through the 

20 incorrected analyzer deviates as much as dP so as to be P + dP. To correct the measured value (P + dP) ob- 
tained by the incorrected analyzer to a corrected value P, which must be shown by the standard analyzer, it is 
necessary to preset a correction curve or line such as the line B shown in Fig. 3. Therefore, if the standard 
color plate N is adapted to provide a measured value Q + dQ which is deviated only by dQ in reference to the 
measured value Q in the standard analyzer, the correction line B for correcting the measured value Q + dQ to 

25 the corrected value Q can be obtained. In this case, the layer coefficient L can be an approximately fixed or 
constant value regardless of deviation of the wavelength and is a fixed point on Fig. 3. Accordingly, the standard 
color plate N necessary for obtaining the correction function B need to have a wavelength characteristic which 
provides dQ = [(Q -L) / (P - L)] x dP for the wavelength deviation dX. In other words, an ideal correction can 
be attained when a slope (dQ/dX) at the measurement wavelength of the standard color plate is in a relationship 

30 to a slope (dP/dA.) at the measurement wavelength of the spectrum shown by the dry analysis element to which 
the sample with the normal quantitative determination range is spotted, as following formula (6). 

6Q/6X = [(Q - L)/(P - L)]x(dP/dX) (6) 
The wavelength gradient (dQ/dX) of the standard color plate, if dQ is within the range of 0 to dQ in Fig. 3, is 
closer to a value OD c which must be rather shown by the standard analyzer than in a case that correction is 

35 not carried out. Therefore, if the relationship represented by the following formula (7) is satisfied, 
when dP < 0, 

0 > 6Q/6X i= [(Q - L) / (P - L)] x (dP/dX) 

when dP > 0, 

0 < dQ/dX ^ [(Q - L) / (P - L)] x (dP/dX) (7) 
40 the correction which permits approximation to the true value can be carried out. If the layer coefficient L is 
sufficiently small and can be approximate to zero as L = 0, the formula (7) can be approximated as given below: 
when dP < 0, 

0 > dQ/dX ^ (Q/L) x (dP/dX) 

when dP > 0, 

45 0 < 6Q/6X ^ (Q/L) x (6PI6X) (8) 

The correction method of the present invention is applicable if the standard color plate which provides the re- 
lationship as described above is used. 

In the case that the optical density of the reagent blank is high and the coloring density after reaction is 
relatively low (that is, the S/N ratio and the dynamic ratio are low), the non-reacted indicator dye greatly con- 
50 tributes to the absorption spectrum gradient. Therefore, in addition to the formed dye formed by the coloring 
reaction of the indicator in the presence of the analyte, the following dye which has the same or similar ab- 
sorption spectrum to substantially satisfy the relationship described above in the measurement wavelength 
range can be used in the standard color plate according to the present invention; 

(a) an indicator dye contained in the dry analysis element which is not reacted with the analyte, or 
55 (b) a dye which has an absorption spectrum in the measurement wavelength range as same as or similar 

to the absorption spectrum of the indicator dye contained in the dry analysis element which is not used 
and not reacted with the analyte. 
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EXAMPLES 

The effects of the correction method according to the present invention were ascertained with respect to 
fifteen sets of FUJI DRI-CHEM 5000 analyzers (manufactured by Fuji Photo Film Co., Ltd.) each being pro- 
5 vided with an optical density measuring apparatus (optical analyzer) having an interference filter spectro- 
scope. The dry analysis element used was prepared in the same method for the slide for calcium analysis in 
Embodiment 1 disclosed in the Japanese Patent Application No. 26081/1991 (which has been published as 
the Unexamined Japanese Patent Publication No. 50976/1994). 

On a smooth film sheet (support) of colorless and transparent polyethylene terephthalate (PET) having a 
10 thickness of 175 nm, coated was an aqueous solution of the following composition, followed by drying to form 
a reagent layer so that respective components had the coverage as set forth below. 



Gelatin (purified after alkaline treatment and deionizing) 


12.6 g/m 2 


p-nonylphenoxypolyglycidol 


350 mg/m 2 


(Unit of glycidol: averagely 10 contained) 




MES (2-(N-Morpholino)ethanesulfonic acid) 


1 .96 g/m 2 


Chiorophosphonazor III 


5.33 g/m 2 


Rutile-type titanium dioxide 


1.15 g/m 2 


(Chemical Abstracts Registry No. 1914-99-4) 




KOH 


1 .4 mg/m 2 



An aqueous solution containing 1 % of a gelatin hardening agent and 0.25% of p-nonylphenoxy polyglycidol 
was applied onto this reagent layer in the amount of application of 37.6 g/m 2 , and immediately thereafter a 
tricot knitted cloth made by knitting polyethylene terephthalate spun yarn in which the content of calcium was 
reduced by a treatment disclosed in the Japanese Patent Application No. 25061/1989 was laminated and ad- 
hered thereon, by slightly pressing uniformly the cloth to form a spreading layer. 

Afollowing reagent compound was applied onto this reagent layer, followed by drying, and then this layered 
element was placed set in the mount described in the Unexamined Japanese Patent Publication No. 
63452/1982 to prepare an integrated multi-layered analysis element for the analysis of calcium analysis. 



35 


Polyvinylpyrrolidone 


5 g/m 2 




(average molecular weight: approx. 120 mil.) 






Nonylphenoxypolyethoxiethanol 


1 .25 g/m 2 


40 


(Unit of oxyethylene: averagely 10 contained) 





Measurement Example 1 

45 The following tests were conducted to know the correcting effects when the correction was carried out in 

each measurement With a fresh or unused slide of the calcium analysis element obtained as described above 
as the standard color plate, a reflection optical density OD M at the wavelength of 625 nm was measured by 
the measuring apparatus No. 1 of FUJI DRI-CHEM 5000 analyzer as an incorrected analyzer to obtain a me- 
sured optical density OD M of the standard color plate measured by incorrected analyzer. Similarly, the reflec- 
tion optica! density (OD ST ) was measured with the same standard color plate by one set of FUJI DRI-CHEM 
5000 analyzer which is referred as the standard or reference analyzer so as to obtain the standard optical den- 
sity OD ST of the standard color plate. The correction coefficient F = OD S t/OD m of the measuring apparatus 
No.1 was calculated from the above result. 

A human serum of the normal concentration range was supplied by spotting to the slide used as the stan- 

55 dard color plate, followed by incubating for four minutes. Then the optical density of the reflected light having 
a center wavelength of 625 nm was measured and to obtain the reflection optical density (OD s ) of the sample. 
The measured value OD s was corrected by multiplying it by the correction coefficient F previously obtained 
so as to obtain OD s xF = OD c . Using the thus obtained optical density (OD c ) of the sample, the concentration 
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of calcium chloride in the sample was calculated according to the calibration curve separately obtained with 
the human serum. The results are as shown in the line for the measuring apparatus No. 1 in Table 1. The layer 
coefficient L of the calcium analysis element used in this case is 0 (zero). 

Quite similarly, the fresh slides of different calcium analysis elements was measured by other measuring 

5 apparatuses No. 2 to 1 5 to obtain the measured value (OD M ) of the reagent blank respectively and the standard 
optical density (OD ST ) was measured by the standard analyzer. Then, human serum sample same as that used 
for the above measuring apparatus No. 1 was spotted on each of the slides to measure the optical density 
(OD s ) of the sample by each of the measuring apparatus Nos. 2 to 15. Subsequently, in the same manner as 
the case of the measuring apparatus No. 1 , the correction coefficient F for respective measuring apparatuses 

10 was obtained, and then the reflection optical density (OD s ) of the sample at the respective measuring appa- 
ratus was corrected using obtained coefficient F, and finally the value OD c of the sample and further the cal- 
cium concentration were calculated. The results are as shown in the line for the measuring apparatuses Nos. 
2 to 15 in Table 1 . The measured value (OD s ) of the sample obtained from the standard analyzer and the sub- 
stance concentration are shown in the line of the standard analyzer. The substance concentration value ob- 

15 tained from the standard analyzer shown in this case is a value measured by the standard analyzer provided 
with the interference filter verified at 625 nm with the standard working curve which is made so that the con- 
centration value coincides with the measured value (verified value) obtained by the wet type calcium standard 
measuring method which uses a reagent o-CPC (orthocresolphthalein complexon). 

20 
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As understood from Table 1, the sample measured values obtained from respective measuring appara- 
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tuses were corrected to be closer to or approximated to the sample measured values of the standard analyzer. 
Variations of the sample measured values were reduced from the standard deviation of 0.0114 before correc- 
tion to the standard deviation of 0.0035 after correction, thereby indicating that the correction method according 
to the present invention is effective. 

5 

Measurement Example 2 

The following tests were conducted to examine the effects of correction in the case that the correction 
was carried out using one standard color plate with respect to the measuring apparatus Nos. 1 to 15. With a 

10 fresh slide of the calcium analysis element obtained as described above as the standard plate, the reflection 
optical density (OD S t) was measured by one FUJI DRI-CHEM 5000 analyzer as the standard analyzer. The 
OD ST value was 1 .504 as shown in Table 2. The same fresh slide, i.e., standard color plate was measured by 
15 sets of measuring apparatuses to be corrected so as to obtain the reflection optical density OD M for each 
of the measuring apparatus Nos. 1-15. From these results, the correction coefficient F = OD S t/OD m of 15 sets 

15 of measuring apparatuses was calculated respectively. After spotting of human serum sample to another fresh 
slide (belonging to the same production lot), followed by incubation for four minutes, the reflection optical den- 
sity at 625 nm was measured to obtain the reflection optical densities (OD s ) of the sample in the measuring 
apparatuses. The measured value OD s obtained was corrected by multiplying it with the correction coefficient 
F obtained as the above-described, thereby the corrected optical density OD c (=OD s x F) was obtained. Using 

20 thus obtained corrected optical density OD c of the sample, The calcium concentration of the sample was cal- 
culated with referring the standard curve preliminary drawn. These measurements and calculations were car- 
ried out with each of 15 sets of measuring apparatuses. The results are shown in Table 2. 
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As understood from Table 2, the measured values of the sample obtained from respective measuring ap- 
paratuses were corrected to be closer or approximated to the measured value of the sample obtained by the 
standard analyzer. Variations of the measured values of the sample obtained by respective measuring appa- 
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ratuses were reduced from the standard deviation (SD) of 0.0114 before the correction to the standard devia- 
tion (SD) of 0.0033 after the correction, thereby indicating that the correction method according to the present 
invention is effective when the same standard color plate is used. This means that, if the optical density of the 
single standard color plate is in advance measured by the standard analyzer and thus obtained optical density 

5 is stored as a known density in the measuring apparatus, such standard color plate is not required to be meas- 
ured again by the standard analyzer at each measurement. 

For examples, the known optical density of the standard color plate may be provided as a magnetic data 
memorized in a magnetic card so that the magnetic data may be input and stored in the analyzer to be corrected. 
Also, an optical data such as a bar code data containing such known optical density of the standard color plate 

w may be used for this purpose. Further, such data of known optical density may be provided by the written and 
readable numerical data attached on of the package of the analysis element to be delivered to the customer, 
so that the operator can input such numerical data into the analyzer through a keyboard or an optical characters 
reader or the like. 

As described above, the correction method for correcting or compensating the wavelength instrumental 

15 error according to the present invention is intended to obtain the correction coefficient (F = ODm/OD S t) from 
the measured value (OD ST ) of the standard analyzer and the measured value (OD M ) of the measuring analyzer 
to be corrected, by using the standard color plate having the specif ic optical density value and containing the 
indicator dye contained in the non-reacted dry analysis element or a dye having an absorption spectrum similar 
to that of the indicator dye at least at the measurement wavelength range. 

20 Only one variable is required for correction and therefore the measured value of the sample with the meas- 

uring analyzer can be corrected with one standard color plate. Excellent correction effects can be exhibited in 
cases that the optical density of the reagent blank is high or change of the coloring density is small. A fresh 
or unused slide of the dry analysis element to be used for analyses can be directly used as the correction plate 
(standard color plate) to be used. Accordingly, a special correction plate (standard color plate) need not be pre- 

25 pared separately. The standard color plate to be used for the purpose of the present invention can be manu- 
factured in steps identical to those for the dry analysis element for use in the analysis. 

Even in view of the layer coefficient L, two correction coefficients <D f A as given below can be obtained 
from the OD ST and OD M ; OD ST being a value measured by the standard analyzer and OD M being a value meas- 
ured by an analyzer to be corrected, 

30 <X> = (OD ST - L) / (OD M - L) 

A = [(OD M - OD ST )/(OD M - L) x L 
regarding the layer coefficient L as a constant value. 



35 Claims 

1. A method for correcting an instrumental error of a spectroscope provided with an optical analyzer to be 
used to measure a content, a concentration or an activity of an analyte in a sample solution by measuring 
an optical density of a dry analysis element to which the sample solution is applied, comprising the steps 

40 of: 

providing one standard color plate containing a dye same as an indicator dye contained in the dry 
analysis element to which the sample solution is not applied and in which the coloring reaction of the in- 
dicator dye has not yet taken place, or other dye having an absorption spectrum similar to that of said 
indicator dye at least in a measurement wavelength range; said standard color plate having a specific opt- 
45 ical density as a standard optical density (OD S t) which is obtained by measuring the standard color plate 

by using a standard optical analyzer; 

measuring said standard color plate by using an optical analyzer to be corrected, thereby obtaining 
an optical density (OD M ); 

measuring the dry analysis element to which the sample solution is applied and in which the col- 
50 oring reaction has taken place by using said optical analyzer to be corrected, thereby obtaining an optical 

density (OD s ) of the sample; and 

correcting the optical density (OD s ) of the sample by using a correction formula of 

OD c = (OD ST /OD M) x OD s 
to obtain a corrected optical density (OD c ) of the sample. 

55 

2. A method for correcting an instrumental error of a spectroscope provided with an optical analyzer to be 
used to measure a content, a concentration or an activity of an analyte in a sample solution by measuring 
an optical density of a dry analysis element to which the sample solution is applied, comprising the steps 
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of: 

providing one standard color plate which contains one of following dyes, 

a) a dye same as an indicator dye contained in the dry analysis element to be used for analysis of the 
analyte; 

b) a dye having an absorption spectrum substantially same as or similar to an absorption spectrum of 
the indicator dye in a measurement wavelength range; and 

c) a dye having an absorption spectrum substantially same as or similar to an absorption spectrum of 
a formed dye in the measurement wavelength, the formed dye being formed by coloring reaction of the 
indicator dye in the presence of the analyte; 

said standard color plate having a specific optical density as a standard optical density (OD ST ) 
which is obtained by measuring the standard color plate by using a standard optical analyzer; 

measuring said standard color plate by using an optical analyzer to be corrected, thereby obtaining 
an optical density (OD M ); 

measuring the dry analysis element to which the sample solution is applied and in which the col- 
oring reaction has taken place by using said optical analyzer to be corrected, thereby obtaining an optical 
density (OD s ) of the sample; 

determining an instrumental error correction coefficient gradient (£>) of wavelength and an instru- 
mental error correction coefficient intercept (A) by using these measured values (OD ST and OD M ) and a 
layer coefficient (L: constant value), which is predetermined from a layer structure of the dry analysis ele- 
ment, as given below; 

O = (OD ST - L) / (OD M - L) 
A = [(OD M - OD ST ) / (OD M - L)J x L 

and 

correcting the optical density (OD s ) of the sample by using a correction formula of 

ODc = 4 x ODs + A 

= [(ODst - L) / (OD M - L)] x ODs 

+ [(OD M - ODst) / (OD M - L ) ] x L 

to obtain a corrected optical density OD c of the sample. 

The method of Claim 2, wherein said standard color plate contains a dye as same as or as substantially 
same as a formed dye formed by a coloring reaction of the indicator dye in the presence of the analyte. 

The method of Claim 2, wherein both of said layer coefficient (L) or said instrumental error correction coef- 
ficient intercept of wavelength 

A = [<OD M - OD ST ) / (OD M - L)] x L 
are given as a predetermined specific value. 

The method of Claim 2, wherein both of said layer coefficient (L) or said instrumental error correction coef- 
ficient intercept of wavelength 

A = [<OD M - OD ST )/(OD M - L)] x L 

are given as zero value. 

The method of Claim 5, wherein said standard color plate contains a dye same as the indicator dye con- 
tained in the non-reacted dry analysis element. 
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